Abstract. Fifth-order shear deformation theory is proposed to analyze the free vibration of functionally graded plates. The present theory satisfies the zero transverse shear stress boundary conditions on the upper and lower surface of plate. The governing differential equations based on present theory are derived. Natural frequencies of simply functionally graded square plates are obtained by an analytical method and compared with the results of available literatures to verify the validity and accuracy of present theory.
Introduction
Material properties of the fiber-reinforced laminated composite materials are discontinuous across adjoining layers which result in the delaminating mode of failure. The material properties of functionally graded material vary continuously along thickness direction of the structure and can be modified to obtain required performance. Therefore, delamination of composite laminates is overcome by functionally graded which has smaller thermal residual stresses and concentrated stresses. Functionally graded materials had been utilized in the aerospace and other industries in recent years due to their superior heat-shielding properties. Functionally graded materials may be composed of ceramic and metal.
Many scholars have studied the free vibration of functionally graded plate. Chakraverty and Pradhan [1] have used the Kirchhoff plate theory to investigate the free vibration of functionally graded plate under different boundary conditions. Thai and Choi [2] have proposed a simple first-order theory to analyze the bending and free vibration of functionally graded plate. Jha et al. [3] have researched the free vibration response of simply supported functionally graded rectangle plate based on higher order shear and positive deformation plate theory. Akavci [4] has studied the free vibration of functionally graded plate on elastic supports. Natarajan and Manickam [5] have calculated the bending and free vibration of functionally graded sandwich panels by higher order QUAD-8 element. Thai and Vo [6] have proposed a new sine theory for bending, buckling and free vibration of functionally graded plate. Thai and Kim [7] have proposed a new type of higher order shear deformation theory for bending and free vibration analysis of functionally graded plate. Vel and Batra [8] have calculated the three-dimensional exact solutions of free vibration and forced vibration of functionally graded rectangle plate with simply supported edges. Qian [9, 10] have used the higher order shear plane deformation theory and the meshless local Petrov-Galerkin method to analyze the free vibration and forced vibration of functionally graded plate. Ferreira [11] has analyzed the free vibration of functionally graded plate by the first and three order shear deformation theory and the global meshless collocation method.
In this paper, a 5th-order shear deformation theory is proposed to analyze the free vibration of functionally graded plate. The theory is satisfied at zero transverse shear stress boundary conditions at the top and bottom of the plate and governing differential equations for the free vibration of curved beams are derived. The natural frequencies of free vibration with simply supported functionally graded are obtained by analytical method. The results are compared with available published results which demonstrate the accuracy and efficiency of present 5th-order theory.
The 5th-order Shear Deformation Theory
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Where c E and m E denote the elasticity modulus of the ceramic and metal, respectively. p is power law index.
Navier Method
The simply supported boundary conditions can be expressed as follows functions: (5), We obtain function as follows:
We can obtain ω by Eqs.(10).
Numerrical Examples
A square functionally graded plate of side a and thickness h with simply supported edges is considered. The functionally graded plate comprised of Metal (Aluminum, Al) and Ceramic (Zirconia, ZrO2). The material properties of Al and ZrO2 are as follows:
Al: Em =70GPa, vm=0.3, m ρ =2702 kg/m3
ZrO2: Ec =200GPa, vc=0.3, c ρ =5700 kg/m3
The density of functionally graded material is given by Eq. (11). Tables 1-2 and compared with the result of Matsunaga [12] . According to the Tables 1-2 , the present results computed by the 5th-order shear deformation theory are in good agreement with those of Matsunaga [12] . After verify the validity of the 5th-order theory, the variation of the first three order natural frequencies of the simply supported functionally graded square plate with the p is also calculated and shown in Tables 3. 
Conclusions
In the present paper, the 5th-order shear deformation theory is proposed to analyze the free vibration of functionally graded plates. The present theory satisfies the zero transverse shear stress boundary conditions on the upper and lower surface of plate. Natural frequencies of simply functionally graded square plates are obtained by Navier method and compared with the results of available literatures to verify the validity and accuracy of present theory.
